Novel insight into the mechanisms involved in the regulation of the m1 muscarinic receptor, iNOS and nNOS mRNA levels.
In this paper we have determined the different signaling pathways involved in M(1) muscarinic acetylcholine receptor (mAChR)-dependent stimulation of m1 mAChRs, neural and inducible isoforms of nitric oxide synthase (nNOS and iNOS)-mRNA gene expression of rat frontal cortex. Carbachol-stimulation of M(1) mAChRs exerts an increase in m1 mAChR-mRNA, activation of phosphoinositide (PI) turnover, translocation of protein kinase C (PKC) and stimulation of NOS activity. Inhibitors of phospholipase C (PLC), calcium/calmodulin and NOS, but not guanylate cyclase, prevent the carbachol-dependent increase of m1 mAChR-mRNA levels. These inhibitors also attenuate the muscarinic receptor-dependent increase in nNOS and iNOS mRNA levels. These results suggest that carbachol-activation of M(1) mAChRs increases m1 mAChR, nNOS and iNOS mRNA levels associated with increased production of nitric oxide (NO). The mechanism appears to occur secondarily to stimulation of PI turnover via PLC activation. This in turn, triggers a cascade reaction involving calcium/calmodulin and PKC, leading to activation of NOS. On the basis of our results, the activation of M(1) mAChRs appears to induce nNOS and iNOS expression and, reciprocally, the activator of NOS up-regulates m1 mAChR gene expression. These results may contribute to a better understanding of the effects and side effects of cholinomimetic treatment in patients with neurodegenerative diseases.